ABSTRACT

RESUMO
Os objetivos deste estudo foram estabelecer condições apropriadas para a obtenção de regeneração de plantas e aclimatização das cultivares 'RB92579' e 'RB93509' de cana-de-açúcar e elucidar a origem das brotações através da análise histológica. Em ambas as cultivares, as brotações obtidas apresentaram os melhores resultados com a cultura
INTRODUCTION
The sugarcane crop stands out in the world mainly because it is a renewable energy source for producing ethanol and contributing to produce 65% of world sugar. In Brazil, the sugarcane cultivation is installed in an area of more than eight million hectares, producing over 624 million tons of sugarcane, according to the 2010/2011 crop forecasting. Brazil is the world leader in the use of sugarcane as a source of renewable energy and sugar exports (CONAB, 2011). The RB92579 and RB93509 occupy a prominent status in the productive sector of the Northeast region of Brazil due to high potential for tolerance to drought and herbicides, good tillering rate and high agricultural productivity (BARBOSA et al., 2007) . In vitro organogenesis is a fundamental step for obtaining genetically transformed plants and no information about the regeneration protocols for 'RB92579' and 'RB93509' sugarcane cultivars are found in the literature due to in vitro recalcitrance for somatic embryogenesis induction for these cultivars. established for these cultivars. As the morphogenic response is influenced by genotype, it is essential to adapt the protocols performed for each cultivar. In vitro cultivation of sugarcane has been described for various cultivars through callus culture, meristems and somatic embryos (SRINIVASAN & VASIL, 1986; HENDRE et al., 1993) . The somatic embryogenesis induction has been obtained from explants of sugarcane inoculated in medium supplemented with various auxin types (HO & VASIL, 1983; FITCH & MOORE, 1990; BRISIBE et al., 1994) . In other study, TAYLOR et al. (1992) described the induction of organogenic and embryogenic callus in 18 cultivars, as well as to obtain cell cultures in suspension. Plant regeneration from embryogenic callus obtained from immature leaves was observed by DIBAX et al. (2011 ), NIEVES et al. (2008 , VICKERS et al. (2005) and BLANCO et al. (1997) and using MS medium (MURASHIGE & SKOOG, 1962) supplemented with 2,4 dichlorophenoxyacetic acid (2,4-D) and LIU (1993), using different combinations of 2,4-D, kinetin (KIN), benzylaminopurine (BAP) and calcium pantothenate. For in vitro plant regeneration it is necessary to carry out histological analyses to determine the route of regeneration in order to discover whether the origins of the plant are in somatic embryogenesis or organogenesis, and to determine whether or not this is a reliable technique for use in the genetic transformation of sugarcane.
The objectives of this study were to establish appropriate conditions for obtaining plant regeneration and acclimatization of the RB92579 and RB93509 sugarcane cultivars and to elucidate the shoots origin through histological analysis.
MATERIAL AND METHODS
In vitro culture conditions
All the cultures were maintained in a growth chamber under cold white fluorescent light, with a photon flux density of 60µmol m -2 s -1 , 12/12 light/dark regime and 25±2 o C. The cultures were performed in Petri dishes (10cm diameter and 2cm height), containing 25mL of MS basic medium and sealed with PVC film, or in glass flasks (6cm diameter and 9 height) containing 40mL of MS basic medium each and sealed with rigid polypropylene caps. All media had the pH adjusted to 5.8 and were autoclaved for 20min at 120 o C.
Callus and shoot induction and plant acclimatization Young meristematic leaf-rolls of sugarcane (Saccharum spp.) 'RB92579' and 'RB93509' cultivars were used as explants. The explants were collected from 2-month-old plants originated through vegetative propagation and cultured under greenhouse conditions. The explants were surface-sterilized by immersion in 70% alcohol (v/v) for 2min and then in a 2% sodium hypochlorite (v/v) for 30min. They were subsequently rinsed three times in sterile distilled water and cut into sections of about 50mm and immersed for 30min in antioxidant solution composed of 250mg L -1 of ascorbic acid, 25mg L -1 citric acid and 1.0g L -1 PVP and pH adjusted to 5.0 (TOURNIER et al., 2003 
RESULTS AND DISCUSSION
Callus and shoots induction and plant acclimatization
Regarding to the percentage of callus induction, the regression equations indicated optimum value of 1.6mg L -1 2.4-D for both cultivars with rates of 21.08% for 'RB92579' and 19.10% for 'RB93509' ( Figure  1A) . Different results were found by ATHER et al., (2009) when studied the callus induction from meristematic explants of sugarcane cv. Thatta-10. For these authors, 100% of callus induction were reported with the utilization of 3.0mg L -1 of 2,4-D. The mucilaginous callus induction began 15 d after isolation and was originated from the central section of explants. Thirty days after isolation it was possible to observe the small clusters formation of nodular structures similar to globular embryos from mucilaginous callus. In studies with other sugarcane cultivars, GARCIA et al. (2007) and LIMA et al. (2001) also observed the callus induction on MS media containing 2.4-D with the same morphological characteristics described here. With regard to the percentage of necrotic callus, the regression equations indicated optimum value of 1.6mg L -1 2.4-D for both cultivars with rates of 78.93% for 'RB92579' and 81.50% for RB93509. Thirty days after the callus isolation it was observed shoot induction from callus in 91% of RB92579 cultivar and 60% for the 'RB93509' cultivar.
The present results confirmed the BAP and KIN effect in the shoot regeneration of sugarcane described by ALI et al. (2008) . These authors reported that the shoot regeneration from nodular callus was 60% with the use of 0.26mg L -1 KIN and 0.25mg L -1 BAP. In another study, ATHER et al. (2009) reported that the addition of 1.0mg L -1 BAP into the MS medium provided a 31.5% rate of shoot induction from nodular callus after 4 weeks of culture. The MS medium without growth regulators promoted the shoot elongation and rooting in more then 90% of both cultivars after 30 days of isolation. Regarding to plant acclimatization, the averages for the plant survival percentage revealed was 75% for both cultivars. Sugarcane acclimatization of in vitro regenerated plants can be achieved successfully if the plants are initially cultured with high humidity conditions as demonstrated by SNYMAM et al. (2006) and SENGAR et al. (2009) . These authors easily acclimatized sugarcane plants using soil as substrate and initial plants culture in mist chamber condition and plant fertilization weekly.
Histological analysis
The transversal section of the sugarcane explants showed the induction of nodular callus accompanied by external areas with intense cell division after 30 days of culture on a CI medium containing 2,4-D. According to the observed results, the shoot regeneration of 'RB92579' cultivar had been induced from two distinct types of cellular organizations. At first, the shoots were induced after 30 days of culture in SI medium containing 0.1mg L -1 KIN and 0.2mg L -1 BAP from nodular callus ( Figure  2A ). Fifteen days after the callus isolation on a SI medium, it was possible to observe in a sample of 'RB93509' cultivar the connection of shoot meristems with procambium tissues ( Figure 2B) . In some explants of 'RB92579' cultivar was possible to observe the shoot meristems induced from nodular callus and leaves primordium formation ( Figure 2C ). Regarding the results described in the literature and here observed the morphological variations of callus and shoot regeneration pathways are frequently reported in studies of in vitro shoot induction of sugarcane. The association of organogenic and embryogenic callus on the same sugarcane explant and the plant regeneration through indirect organogenesis from friable callus has been described in some studies (GNANAPRAGASAM & VASIL, 1992; TAYLOR et al., 1992; RODRIGUEZ et al., 1995) . In another study, FRANKLIN et al. (2006) reported the shoots induction of sugarcane from globular structures associated with the original explant and suggest that somatic embryos in globular stage may lead shoots induction from indirect organogenesis in the presence of cytokines, confirming the results observed here. The induction of shoots obtained in this study can be explained by the fact that the callus of 'RB92579' and 'RB93509' cultivars has been obtained after 30 days of culture on SI medium with 2,4-D, a culture period relatively short to complete the somatic embryos formation in sugarcane. After the explants transference to MS medium containing cytokinins, a pathway redirection had been induced the shoot regeneration from nodular callus similar to somatic embryos in globular stage. The same results were described by FALCO et al. (1996) . These author observed nodular callus of sugarcane SP70-1143 cultivar were induced on MS medium containing 2,4-D in which has been accompanied by external areas with intense cell division similar to caulinar apical meristems. These authors reported that the shoot meristem has been surrounded by leaf primordium and the serial sections confirmed the unipolar nature of the structures and their connections with the callus tissues indicating that the shoots regeneration occurred through the indirect organogenesis. In the second type of cell organization that regenerated shoots, the shoot meristems has been originated directly from callus induced in some samples of 'RB92579' cultivar with organogenic aspect, watery and translucent ( Figure  2D) . Similary, GARCIA et al. (2007) observed that shoots of 'RB758540' sugarcane cultivar were originated from callus cultured on MS medium containing 1.0mg L -1 of picloram after 30 days of isolation in light conditions. FALCO et al. (1996) observed the shoot regeneration of sugarcane through indirect organogenesis in explants cultured on MS medium containing 1.0mg L -1 BAP. According to the results, it was proved that the shoots regeneration of 'RB92579' and 'RB93509' sugarcane cultivars occurred through the indirect organogenesis
CONCLUSION
The explants cultured in the conditions described here originated adventitious shoots and acclimatized plants were obtained. Histological analysis revealed that the origin of adventitious shoots occurred from two types of cellular organizations (nodular callus similar to somatic embryos in globular stage and organogenic callus, translucent and friable). In both of cases the shoot regeneration in 'RB92579' and 'RB93509' sugarcane cultivars occurred through the indirect organogenesis and due to it the information described here may be used to the production of sugarcane plants through genetic transformation.
